Background: Viral load peak and immune activation occur shortly after exposure during acute or early HIV infection (AEHI). We aimed to define the benefit of early start of antiretroviral treatment (ART) during AEHI in terms of immunological recovery, virological suppression, and treatment discontinuation.
INTRODUCTION
Acute or early HIV infection (AEHI) is a brief, rarely diagnosed, but critical phase of HIV infection. AEHI is known to be characterized by very high levels of HIV-RNA load and several studies have shown that HIV transmission is greatly amplified during AEHI, thus defining a relevant contribution of this phase to onward HIV transmission [1, 2] . During AEHI, long-lived reservoirs of virus are established early on, representing a major obstacle to achieving HIV eradication [3, 4] . Moreover, immune dysregulation is rapidly detected after viral infection contributing to over-heightened immune activation [5, 6] .
Several studies assessing antiretroviral treatment (ART) during AEHI have suggested beneficial effects on biological markers of disease progression, such as reduction of viremia [7] , lower viral set point [8] , lower probability of transmission [9, 10] , and a reduced number of infected cells limiting the size of the latent pool of HIV-1-infected CD4+ T cells [11, 12] . Moreover, it has been shown that starting ART in the initial phase of infection might allow for the preservation of the immune system, and specifically of: (1) the CD4+ T-cell count and CD4/CD8 ratio [13] [14] [15] ; (2) HIV-specific immune responses, preserving the ability to control viral replication [16] ; (3) higher levels of mucosal and systemic Th17 cells; (4) lower levels of B-lymphocyte activation, and (5) reconstitution of the NK phenotype [12, 17 ,18] . Despite the fact that evidence from multiple studies strongly supports the benefit of early ART in AEHI [19] [20] , the optimal ART strategy to achieve rapid viral suppression, optimal immune recovery, and longer durability of regimens needs to be clarified.
Thus, we used retrospective data from a large national cohort to assess whether an early start of ART during AEHI is associated with an optimal immunological recovery, the timing of virological suppression, and the risk of discontinuation of first-line antiretroviral regimen.
PATIENTS AND METHODS

Study Design
This was a retrospective, observational, multicenter cohort study including patients with AEHI diagnosed between January 1, 2008 and December 31, 2014 at 20 Italian centers included in a national network (INACTION -Italian Network on AcuTe HIV InfectiON).
Inclusion Criteria
Cases of AEHI were identified by a retrospective analysis of clinical files and databases of each participating center. Patients were included in the study if they presented at least 1 criterion for HIV infection diagnosis (A) and concomitantly at least 1 criterion for acute or early HIV infection (B). Criteria for (A) were 1) p24 reactivity, 2) HIV-RNA and/or HIV-DNA PCR detectable viral load; Criteria for (B) were 1) negative HIV-antibodies or low titer reactivity in an ELISA third (or further) generation assay, 2) less than 3 positive bands in a Western blot test including p24, gp160/gp120, or gp41, 3) less than 2 positive bands in a RIBA test including reactivity for gp41. Patients with AEHI were classified according to Fiebig criteria [21] ; only patients with Fiebig stages I-V were included, while those with Fiebig stage VI or with no available Fiebig stage were excluded.
Type and Timing of Antiretroviral Treatment (ARV)
The type of regimen (ie, the number of agents and the drug class included) and the follow-up schedule were selected by a single clinician, according to national or local guidelines. Patients who started any ART regimen within 3 months of the AEHI diagnosis were classified as ear-ly ART group (Early ART), while the other patients were included in the late ART group (Late ART).
Endpoints and Definitions
The primary endpoint was the optimal immune recovery defined as a composite endpoint including the first occurrence of CD4 count ≥ 500/µL, CD4/CD8 ratio ≥1, and CD4 ≥ 30% after ART initiation [22] .
The secondary endpoints were the rate of virological suppression and the risk of discontinuation of a first-line antiretroviral regimen. Virological suppression was defined as reaching HIV-RNA < 50 copies/mL. Discontinuation of first-line antiretroviral regimen was defined as the change of any drug in the regimen, new drugs added to the regimen, or ending the regimen.
Data Collecting
Demographical (age at diagnosis, gender), epidemiological (mode of HIV transmission, date of last negative/undetermined HIV test, date of first reactive HIV test), clinical (symptoms at presentation, CDC stage, comorbidities), and laboratory (plasma HIV-RNA load, CD4 and CD8 T-cell count) data were assessed at the time of AEHI diagnosis. Follow-up was carried out until June 30, 2016 or the last available visit. During follow-up, we assessed viro-immunological parameters, clinical or laboratory adverse events, and hospital admissions or death occurring between AEHI diagnosis and the end of follow-up. The first-line and subsequent ART regimens were recorded since AEHI diagnosis (baseline, BL) occurred until December 31, 2014.
Ethical Approval
The study was approved by the Ethics Committee (EC) of Monza-Brianza for San Gerardo Hospital (coordinating center) in June 2014 and then by the EC of each participating center.
Statistical Analysis
Categorical variables were described as absolute and percentage frequency; continuous variables with normal distribution were described as mean and standard deviation (SD), whereas those with non-normal distribution were described as median and interquartile range (IQR). Characteristics of Early ART and Late ART groups were compared using Student's t test or Mann Whitney U-test and chi-square test or Fisher test, as appropriate. Logistic regression analysis was performed to identify factors associated with early ART initiation. Incidence and predictors of time to virological suppression, time to first-line regimen discontinuation, and time to optimal immunological recovery were explored by Kaplan-Meier curves and Cox regression analysis. In all these models, variables showing a significant association with the outcome at univariate analysis were then evaluated in a multivariate model. A 2-tailed P-value < 0.05 was considered to be statistically significant.
All statistical analyses were performed using SPSS version 13.0 software package (SPSS Inc., Chicago, IL).
RESULTS
Population Characteristics
Overall, 321 patients were analyzed (Table 1 ). Most were males (n = 276, 86%) and acquired HIV infection through MSM intercourses (n = 184, 57.3%) at a median age of 37 years (IQR 30-46). Patients reported a median time from the last negative HIV test of 6.8 months (IQR 3. 35-16.4) . In our population, most patients (n = 215, 67%) were diagnosed with AEHI in recent years of observation (ie, 2012-2014).
At the time of AEHI diagnosis, median plasma HIV-RNA load was 5.67 log 10 copies/mL (IQR 5.00-6.36), with a median absolute CD4 count of 456 (IQR 331-605) cells/µL, a median percentage CD4 count of 21.7% (IQR 14.8-30), and a median CD4/CD8 ratio of 0.4 (IQR 0.22-0.7).
Symptomatic AEHI was observed in 70.7% (n = 227) of patients. Of note, an AIDS-defining event was observed in 5 (1.6%) patients at the time of AEHI diagnosis (3 patients with esophageal candidiasis and 2 with Pneumocystis jirovecii pneumonia).
At the time of AEHI diagnosis, 17.1% (n = 55) of patients were classified in Fiebig stages I-II. Patients in Fiebig stages I-II had a higher viral load (median 6.11 vs 5.63 log 10 copies/mL, P = 0.001) and a higher percentage of CD4 cells (median 27% vs 21%, P = 0.003) when compared to Fiebig III-V, but the absolute number of CD4 was similar in the 2 groups (median 468 vs 454 cells/µL, P = 0.324). A higher proportion of HBsAg+ patients was observed in the Fiebig I-II group (9.1% vs 2.3%, P = 0.034).
ART Initiation During Follow-Up and Comparison of Early ART and Late ART Groups
During follow-up, ART was started in 92.2% (n = 296) of patients, of whom 70.6% (n = 209) started within 3 months (Early ART) ( Table 1 ). In the overall population, the median time from AEHI diagnosis to ART initiation was 23 days (IQR 7-148). However, it was 12 days (IQR 6-27) in the subgroup of patients who started early versus 351 (IQR 221-762) in those who started late. Nearly all patients (n = 292, 98.6%) were prescribed nucleoside reverse transcriptase inhibitors (NRTI) in their first ART regimen, associated with a protease inhibitor (PI) in most cases (n = 206, 69.6%); integrase inhibitors (InSTI) were prescribed in 104 (35.1%) patients. First-line ART consisted of more than 3 drugs in 28.7% (n = 85) of patients. We evaluated factors associated with early ART initiation by logistic regression analysis ( 
Optimal Immunological Recovery
At the time of first-line regimen initiation, only 11 (3.4%) patients had optimal immunological status (ie, CD4 ≥ 500/µL plus CD4 ≥ 30% plus CD4/CD8 ratio ≥ 1). Of the remaining patients, 187 (58.3%) had follow-up immunological data. Optimal immunological recovery was achieved by 95 (50.8%) patients during a median follow-up of 35 weeks (IQR 15-85), with an incidence of 3.7 per 100 person-months of follow-up (PMFU). The Early ART group had a higher probability of optimal immunological recovery; at Kaplan Meier analysis the estimated incidence of optimal immunological recovery at 48 weeks was 39% in the Early ART group vs 22.5% in the Late ART group (P = 0.002 at log rank test) ( Figure 1A) . We evaluated predictors of time to optimal immunological recovery by Cox regression analysis (Table 3) . At multivariate analysis, early ART (HR 1.84 [95% CI 1.04-3.27], P = 0.036) confirmed an independent association with a higher probability of optimal immunological recovery after adjustment for Fiebig stage, the first ART regimen including > 3 drugs, calendar year, and baseline immunological status (ie, absolute and percentage CD4 count, CD4/CD8 ratio). 
Virological Suppression After ART Initiation
Follow-up virological data were available for 259/296 (87.5%) patients starting ART. During a median follow-up of 21 weeks (IQR 12-28), virological suppression was achieved by 219 (84.6%) patients with an incidence of 15.9 per 100 PMFU. By Kaplan-Meier analysis, the estimated proportion of patients achieving virological suppression after 48 weeks from ART initiation was 89.5%, with no significant differences between the Early ART (89.5%) and Late ART group (89.2%) (P = 0.159 at log rank test) ( Figure 1B ).
We evaluated predictors of time to virological suppression using Cox regression analysis ( 
First Line ART Regimen Discontinuation
Follow-up data on antiretroviral regimens were available for 262/296 (88.5%) patients starting ART. During a median follow-up of 31 weeks (IQR 12-76), the first-line regimen was discontinued/switched by 148 (56.5%) patients with an incidence of 4.4 per 100 PMFU. Of 148 patients with first-line ART regimen discontinuation, 136 (91.9%) had modification of regimen composition and only 12 (8.1%) patients discontinued all ART (9 in the early and 3 in the late ART group). Early ART-treated patients had a higher probability of discontinuation of the first ART regimen; at Kaplan Meier analysis, the estimated incidence of ART discontinuation at 48 weeks was in 56.6% in the Early ART group versus 26.1% in the Late ART group (P < 0.001 at log rank test) ( Figure 1C ).
We analyzed predictors of time to first-line ART regimen discontinuation by Cox regression analysis ( 
DISCUSSION
This is the first Italian multicentric study aimed to evaluate the use and the effect of early antiretroviral treatment of AEHI on a large observational cohort. The results of our study confirm that, during AEHI, early ART leads to enhanced rates of optimal immunological recovery compared to late ART, with no significant impact of this strategy on time to virological response or first-line regimen discontinuation. Conversely, Fiebig stage at diagnosis and the number of drugs included in the first ART regimen (intensified versus standard regimen) were not found to affect immunological recovery. Moreover, our analysis allowed us to define predictors of virological response in the setting of AEHI. Pre-ART CD4+/CD8+ ratio, together with HIV replication levels, are independently associated with time to virological suppression, giving new insights into the interplay between immune function and virological control. The possible role of HBV-coinfection as a factor influencing a more rapid virological suppression needs to be clarified through prospective studies using standardized ART regimens in high endemicity settings.
In accordance with recent updates in international guidelines [23] , in our real-life setting we confirmed a shift towards an early start of antiretroviral therapy during AEHI in recent years (2012-2014) compared to previous years (2008-2011), when nearly half of patients with AEHI started ART after 3 months from diagnosis. ART regimens prescribed as first-line treatment significantly differed between patients treated early or late after AEHI diagnosis; indeed, protease inhibitors and integrase inhibitors were more frequently used in the Early ART group, while NNRTI were mainly prescribed in the Late ART group. These differences in therapeutic choices can be explained by the more recent introduction of integrase inhibitors as the preferred first-line ART regimen in international guidelines and by the high genetic barrier of protease inhibitors allowing their use in early treatment of AEHI, while waiting results of genotypic resistance testing.
Despite the fact that data from clinical trials failed to demonstrate a clear clinical benefit of an intensified, multi-target ART as opposed to 3-drug standard regimens during AEHI [24] [25] [26] [27] , in our cohort we described a fairly frequent use of regimens including more than 3 drugs in early-treated AEHI patients (38.8% of subjects). Of note, in our cohort, early treatment was associated with greater risk of changes in ART regimen at univariate analysis, but patients who started early were also treated more frequently with regimens containing more than 3 drugs. Indeed, at multivariate analysis, after adjusting for the number of drugs in the first-line regimen, early treatment did not confirm an association with treatment discontinuation. Nevertheless, we recognized that a first ART regimen including more than 3 drugs was independently associated with a higher probabil-ity of first ART regimen discontinuation, thus reflecting the common approach to switch to simplified regimens after a first intensified phase, which led to viral suppression, or tolerability issues.
Early antiretroviral treatment in AEHI and a less compromised immunological status at ART initiation emerged as independent predictors of optimal immunological recovery (defined as reconstitution of absolute and percentage CD4 T-cell count, CD4/CD8 ratio), while Fiebig stage at diagnosis or administration of intensified regimens with more than 3 drugs did not show an effect on subsequent immunological outcome. To date, few studies have investigated the evolution of CD4/CD8 ratios in patients initiating ART close to infection. A sub-study [28] of the SPARTAC trial [29] investigating factors associated with time from ART initiation to CD4/CD8 ratio normalization, showed a higher probability of CD4/CD8 ratio normalization when ART was initiated closer to seroconversion (within 6 months from seroconversion). More recently, very early ART (initiated within 40 days of the estimated date of infection) in Fiebig I-II acutely infected patients was demonstrated to be associated with a significant increase in CD4/CD8 ratios [14] , and the 1-year longitudinal evaluation of 83 patients starting ART within 120 days after the estimated date of infection displayed a better reconstitution of CD4/CD8 ratio compared to chronically infected subjects [15] . Here we confirmed that early ART, defined as ART introduced within 3 months from AEHI, has a beneficial effect on immune function in a large setting of patients, which were accurately defined according to Fiebig stage and thus excluded recent seroconverters, who were included in some of the previous analysis.
In our retrospective observational study, timing of ART initiation or types of antiretroviral drugs included in first-line regimens did not influence the achievement of virological suppression. Interestingly, we found that HBV coinfection, recent year of diagnosis, and a normal CD4/CD8 ratio at baseline (> 1) were independent predictors of time to virological suppression. On the other hand, as expected, higher HIV-RNA levels were associated with a longer time to virological suppression. The link between year of diagnosis and time to virological suppression could be explained by the recent wide use of antivirals able to rapidly reduce viral replication (ie, integrase inhibitors). This was recently observed in a similar study performed on acutely infected HIV patients who mostly began ART at their first medical appointment [30] . Similarly, patients with active HBV infection could have been treated with a tenofovir-based regimen more frequently than uninfected ones, thus masking a difference in the use of ART regimen. Indeed, much of the literature showed no difference between HIV monoinfected and HIV/HBV coinfected patients in achieving undetectable HIV-RNA after ART-initiation [31, 32] , while recent observations reported a faster immune-reconstitution in HIV/HBV coinfected patients with high HBV-DNA viral load [33] .
It is worth noting that we evidenced a role for baseline CD4/CD8 ratio as a predictor of time to virological suppression, suggesting that a preserved balance between T helper and T cytotoxic cells could provide a significant contribution in containing viral replication.
In the setting of untreated chronic HIV infection, CD4/CD8 ratio predicts time to AIDS development [34] . During treated HIV infection, expansion of CD8+ T cells (leading to low CD4/CD8 ratio) identifies a subgroup of individuals with a number of immunological abnormalities, namely an increased innate and adaptive immune activation, an immunosenescent phenotype, and a higher risk of morbidity/mortality [35] . In the setting of early acute HIV infection, an inverse cor-relation between HIV-1 DNA content and CD4/CD8 ratio was found, suggesting the potential use of normalized CD4/CD8 ratio as a valuable biomarker to identify individuals with a smaller size of HIV reservoir [36] . Moreover, some observations suggest that pre-ART CD4/CD8 ratio influences time to viral load rebound after analytical treatment interruption in acutely treated individuals [37, 38] . Our results showing a correlation between CD4/CD8 ratio pre-ART initiation and time to virological suppression suggest that T-cell immune exhaustion rapidly established after acute HIV infection can influence virological control. Further studies characterizing HIV-specific T cells, innate/adaptive activation, and immune exhaustion parameters in AEHI patients treated with standardized ART-regimens at different Fiebig stages could better define the real impact of these immunological abnormalities on virological control.
Our study, due to its observational nature, has several limitations. First, the availability of immunological data during follow-up was limited to less than 60% of our cohort, thus reducing the power of our population study. Second, it was not possible to adjust for unmeasured confounders, such as CMV infection, that recently emerged as an important predictor of CD4/CD8 ratio normalization [39] . Third, we lack data about HIV-DNA levels, thus we could not evaluate if timing or number of agents included in the ART regimen or immune parameters at baseline could influence the size of viral reservoir. A previous study [22] included the reduction of HIV-DNA in PBMCs in the definition of optimal viro-immunological recovery in ART-treated acutely infected patients, and the study demonstrated a higher probability of reaching optimal viro-immunological recovery in patients starting ART during AEHI compared with late ART, thus underlining a possible link between HIV-DNA limitation and immune-reconstitution during AEHI.
In conclusion, in a large observational setting, we observed that early ART during AEHI was able to enhance the achievement of optimal immune recovery in a significant way, which is rarely observed when ART is started during chronic infection, thus confirming the benefit of this strategy against the potential disadvantages of early continuous treatment. Moreover, we identified predictors of time to virological response in a well-characterized setting of AEHI, showing an independent role for CD4/CD8 ratio and giving insight into the research of new immunological markers to be considered in future algorithm selection of strategies for the cure of HIV.
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